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3 .  Functional 
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6. Surge 
7. Cycle 
8. Burst 

The receiving inspection (visual)  t e s t  revealed black deposits on the  
outer end of t h e  specimen near each connection. 
the  specimen vas 2 0 5 4  inches (3 inch over specif icat ion requirements). How- 
ever, t he  deposits and the  increased length did not impair t h e  performance of 
t he  specimen. 

The overal l  length of 

The r e su l t s  of t he  tests were sat isfactory.  The performance of the  
specimen was i n  accordance with specif icat ion reauirements. 
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.. . 

FLEXIsIE HOSE, $-D!CH ID BY 205 IXCIBS LOTJG 

ILUJUF ACTURER: T i t e f l ex  Incorporated, Springfield,  Ilass. 
iLW'F ACTUFER'S PART WIEER: S21908-I!-3500 
ILTASh DRAI'IhTCI IJUIEER: 751ll2944 FFH-32 
TESTIICG GEKCY: 
AlTHORIZD!C iZGF,YCY: NASA KSC 

Chrysler Corporation Space Division, Mew Orleans , Louisiana 

11. COlISTRUCTIOlJ 

Gaseous hydrogen and helium 
250 psig 
8 inches minimum 

Inner tube - 321 stainless steel  tubing 
Outer l i n e r  - 300 series s t a in l e s s  id re  braid 
End connections - I'E33656-8 s t a in l e s s  s t e e l  

A. TEIIPERATUE R:Q!GE: -{-5 t o  4-1250~ 

IV. LoC.4TIOTJ ARD USE 

The f l ex ib l e  hose is  used i n  t h e  e l e c t r i c a l  power system of the gaseous 
hydrogen piping of t h e  spacecraft support systems. 
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TEST SUMMARY 

Operational 
Boundary 

FZEXIBIE HOSE 75Ml2944 FFH-32 

Test 
Objective 

Test 
iesult s 

Stabilize Determine 

Remarks units 

1 

1 

Environment 

Length: 205-3 
inches OD: 
0.800 inch 

Rec eiving 
Inspect ion 

Visual examina- 
t ion 

To deter- 
mine i f  
specimen 
conforms with 
applicable 
drawings and 
specif ica- 
tions 

satis- 
tact ory 

Proof Pressure 
T e s t  

375 psig for  
1 5  minutes 

Maintain 
375 psig 

Maintained 
375 psig. 
No leakage 

Achieved 8- 

mum radius 
inch mini- 

Satis- 
factory 

Satis- 
factory 

Satis- 
factory 

Sat is- 
factory 

Functional 
Test 

1 8 - h ~ h  mini- 
mum bend 
radius 

Achieve 8- 
inch mini- 
mum bend 
radius 

Pressurize t o  
250 psig 

No leakage 
allowed 

No leakage 
i n  water 
t e s t  

No leakage 
i n  pres- 
sure t e s t  

~ 

Low Tempera- 
ture T e s t  specimen a t  

5OF, perform 
a functional 
t e s t  a t  low 
temperature 
and af ter  re- 
turn t o  ambient 
conditions 

operating 
capability 
a t  low temp- 
erature and 
after return 
t o  ambient 
conditions 

Stabilize 
specimen a t  
125OF for 72 
hours, perform 
a functional 
t e s t  a t  high 
temperature 
and af te r  re- 
tu rn  t o  am- 
bient condi- 
tions 

Determine 
operating 
c apab ilit y 
at high 
temperature 
and af te r  
return t o  
ambient 
c mdi t  ions 

Satis- 
factory 

No leakage 
i n  water and 
pressure test 

High Tempera- 
ture Test 

v i i i  



I .  
~~ 

Environment 

Surge Test 

Cycle Test 

Burst T e s t  

~ 

Units 

1 

1 

1 

TEST SUMMARY (Continued) 

FLEXIBIE HOSE 75Ml2944 FFH-32 

Ope rational 
Boundarg 

250-psig pres- 
sure within 100 
milliseconds 
for  25 cycles 

Bend specimen 
from the ex- 
tended posi- 
t ion t o  the 
flexed posi- 
t ion t o  the 
extended posi- 
tion. Perform 
lo00 cycles 

1000 psig 
for  30 minutes. 
Increase pres- 
sure t o  fail-  
ure 

Test 
Objective 

Determine 
performance 
of specimen 
in  rapidly 
changing 
pressure en- 
v ironment 

Perform a 
functional 
t e s t  a f te r  

and 10oO 
cycles . 
Check for  
leakage 

50 y 1 ~ y 5 0 0 ,  

Maintain 

with no 
leakage for  
30 minutes. 
Determine 

~Ooo P S i g  

burat pres- 
sure 

Test 
Result s 

Satis- 
factory 

Satis- 
factory 

Satis- 
factory 

Remarks 

Pre ssuriza- 
t ion time 
between 80 
and 90 
111illi8eColld8 

No leakage 
i n  water 
test 

lo00 psig 
was amin- 
tained fo r  
30 minutes 
with no 
detectable 
leakage 

sure was 
B u r s t  pres- 

6850 PSig 

ix 



SlXTIO' I 

IJTTRODIJCTIO~T 

1.1 

1.2 

1.2.1 

1.2.2 

1.3 

SC OFT;: 

This report  describes t h e  r e l i a b i l i t p  t e s t s  t h a t  were performed 
t o  determine i f  Fle,uble Hose 75lTl29U FFH-32 meets t he  opera- 
t i o n a l  and environmental requirements of t he  John F. Kennedy 
Space Center. 

D3SCRIPTIOF 

One specimen of F lex ib le  Hose 75122944 FFII-3% was tes ted .  
hose is  205 inches i n  length, with a $-inch ins ide  diameter. 
The hose is  manufactured by T i t e f l ex  Incorporated, Springfield,  
ikss., and serves as a fls-xible connection i n  the  e l e c t r i c a l  
>over system of the yaseous hydrogen piping of t h e  spacecraft  
support systems. 

The 

Tie hose consis ts  of two tubes. 
s ide  diameter 321 s t a i n l e s s  s t e e l  welded tubing, and t h e  outer  
tube is 300 se r i e s  s t a i n l e s s  wire braid.  
imta l l ec l  over the outside of t h e  tube. 

The inner tube is  $-inch in- 

The wire braid i s  

APPLIC .IL?IJ: DOCUI EETS 

The follow in,^ dccments contain the  t e s t  requirements for 
Flexible  I!ose 75712944 FFH-32: 

a. IEC-STD-161;. (D), Standard Xnvironmental Test Ikthods 
fo r  Ground Support Equipment Inst a l l a t  ions at Cape 
Kennedj 

d. Test Plan GCSD-FO-1093-lF 

e. Test Procedure FO-1093-2 

c 
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2.1 

2.3 

3.4 

The spechen  s h a l l  be v isua l ly  and dimensionally inspected f o r  
zonfommce v6th t h e  applicable specif icat ions p r io r  t o  t e s t ing .  

visual and dirensioiial inspection :F,S pcrfomed t o  de.iernine 
coiqliance v i t h  I::2j.'i dra7;ring 75;2294l+ FFIi-32 and tlie aspl icable  
vendor dra;dnz t o  t h e  e-xtcnt, possible without ciisassenbly of 
t h e  tes t  spechen. .l'i t he  sane t i n e  t he  t e s t  specinen m s  d s o  
inspected f o r  Foor :.rorkm.nship and imnufscturiq? defects. 

"he receiving inspection (visual)  t e s t  revealed black deposi ts  
on the outer  end of t he  specimen near each connection. 
overa l l  length of t h e  specimen was 205-3 inches ( 3  inch over 
specif icat ion requirements). 
increased length did not impair t h e  performance of t he  specimen. 

The 

However, t h e  deposits and t h e  

The d&a deternixed by the  inspectiorA ?re as follow: 

a. Length (overall):  2 0 5 ;  inches 

b. Diaiieter (mean oxtside): 0.800 inch 

c. Znd Connections IB 33656 

, -  

i -  
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SECTIOI; I11 

t 3.1.1 The tes t .  spechen  sha l l  be hydrostat ical ly  pressurized t o  
375 p i g  f o r  a period of 15 minu.tes. 

3.1.2 The t e s t  specimen shall be inspected f o r  leaka,ge and d is tor t ion .  

3.2.1 The tes t  setup was assenbled as shovn in figures 3-1 and 3-2 
usixg the  euxipment l i s t e d  in t a b l e  3-1. 
closed. 

A l l  hand valves were 

3.2.2 Hand valve 4 and pressure cap 7 vere oFened. 
operated t o  pr:e the system and specimen of air. 

IIand pu?p 3 vas 

3.2.3 Pressure cap 7 vas closed and t h e  specimen was pressurized t o  
375 psig using hand p m ~  3 .  The pressure indicated on ,?age 5 
was monitored. 

3.2.4 I!md valve 4 vas closed and the  pressure xas maintained f o r  
1 5  minutes. 

3.205 The specimen was checked f o r  leakage during t h i s  15-minute 
period by monitoring gage 5 f o r  an indicat ion of a pressure drop 
at the  specimen. The i n i t i a l  and f inal  pressures were recorded. 

Valve 6 ins opened and the  systen and specirnen were deprcssurized. 3.2.6 

3.207 The specimen was removed f r o m t h e  test setup and inspected f o r  
d i s tor t ion .  

3 93 

3 .Ir. 

TZST iWULTS 

There was no leakage of t he  t es t  specimen, and no d i s to r t ion  
vas evident. 

The tes t  data  presented i n  t a b l e  3-2 were recorded during t h e  
tes t .  

3-1 



It em 
No. 

1 

2 

3 

I 4  

5 

6 

7 

- 

Manufacturer 
Table 3-1. Proof Pressure and Burst, Test Equipment L i s t  

Sprague Engineer- 
in& cow. 

It em 

Leakage 

Distor t  ion 

r es t Spec h e n  

None 

None 

.ies e rvoir  

pump 

k n d  Valve 

Fre s sure Gage 

Hand Valve  

Pressure Cap 

T i t  eflcx 
In c orpor a.t  ed 

.hninc o 

Heise 

Table 3-2. Proof Pressure Test Data 

Pressure I 375 psig f o r  15 minutes 

Fiemarks 

Flexible hose, 
$-inch ID 

H *O 

5003-psig 

?+-inch 

0-to 5000-psig 
+l.O; - TS ,xciir- 
acy; C a l  d a t e  
6/U/66 

;-inch 

4-inch - !J! 
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SECTICRJ IV 

FUNCTIONAL TEST 

4.1 

4.1.1 

4.1.2 

k .  2.2 

k.2.6 

4.2.7 

L.2.8 

4.3 

4.3 .1  

493.2 

One end of the  t e s t  specimen s h a l l  be bent t o  an angle of 90 
degrees. A minixnum bend radius of 8 inches shall be confirmed. 

The t e s t  specimen s h a l l  be pressurized with GHe t o  250 ysig 
while i n  the  flex posi t ion described i n  4.1.1. 
specimen shall be checked f o r  leakage. 

The t e s t  
No leakage i s  allowed. 

The t e s t  specimen s h a l l  be depressurized, then returned t o  the 
extended position. 

The t e s t  setup was assembled as shown i n  f igure 4-1 in s t a l l a t ion  
A, using the  equipment l i s t e d  i n  t ab le  4-1. 
closed. 

All valves were 

The t e s t  specimen was bent 90 degrees f romthe  extended posit ion 
shown i n  f igure 4-1 i n s t a l l a t ion  A t o  t he  flexed posi t ion shown 
i n  f igure 4-1 i n s t a l l a t ion  B. A minimum bend radius of 8 inches 
was confirmed. Figure 4-2 shows the  hose in the flexed position. 

Test chamber 11 was f i l l e d  with water. 

Valve 5 wa,s opened and the i n l e t  port of regulator 7 was pres- 
surized t o  3500 psig with We from pressure source 2. 
pressure was monitored on gage 6. 

The 

Hand valve 8 was opened. 
surize the  specimen t o  250 psig f o r  5 minutes. 
was monitored on gage 9. 

Regulator 7 was adjusted t o  pres- 
The pressure 

The specimen was checked f o r  leakage by monitoring t e s t  chamber 
11 f o r  the presence of bubbles. 

The water was removed from t e s t  chamber 11. 

Hand valve 5 was closed and the  system and specimen were vented 
t o  zero psig  by closing regulator 7 and opening hand valve 10. 
The specimen was then returned t o  t h e  extended position. 

TEST RESULTS 

A minimwn bend radius of 8 inches was achieved as specified in 
4.1.1. 

No leakage was detected during the  functional t e s t .  

4- 1 



Data recorded during the  functional t e s t  are presented in  
table 4-2. 
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Table 4-1. Functional Test Equipment List 

- 
Ct em 
No. 

1 

2 

1; 

5 

6 

7 

E 

9 

10 

11 

12 

- 

It em 

Test Spechen 

GHe Fressure 
Source 

T i l t c r  

Hand Valve 

Pressure Sage 

llegulat or 

Hand Valve 

Pressure Gag3 

Hand Valve 

Test Chamber 

Temperature 
Source 

M u f a c t  urer  

F i t  ef lex 
Incorporat ed 

N/A 

iobbins Aviat Ion, 
Inc . 
Union Carbide 

k . i e l d  

Robbins lzviat ion, 
Inc . 
Dur ag age 

Robbins Aviation, 
Inc 

XSD 

Th ermot ron , Inc . 

Model/ 
'art No. 

221908- 
;2'-20500 

N/A 

71233 

SSN A- 
250-hT 

BV2591 

Re956 

SSNA-250 
4T 

B 

SSE .I- 
250-4T 

N/A 

209507 

Remarks 

?lexible hose, 
$-inch I D  

LO-micron 

;-inch 

)-to 5OOO-psig 
i l .O$ ?S accur- 
zcy; C a l .  date 
S/U(/66 

$-inch 

3-t o 500-psig 
tl.05 FS accur- 
acy; C a l .  date 
5/u/66 

$-inch 

-100 t o  +4000~ 
(Temperature 
t e s t s  o d y )  
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Figure 4-2. Functional 'rest Setup 
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SECTION V 

Lot.! TEBIF'ERATURE TEST 

5 - 1  

5.1.1 

5.1.2 

5.2 

5.2.1 

5.2.2 

5.4 

The t e s t  specimen s h a l l  be subjected t o  a low temperature t e s t  
of 5 (-I-€), -4)'F t o  determine whether the  environment causes 
degradation or deformation. 

A functional test  as prescribed i n  section IV s h a l l  be per- 
forned during t h i s  t e s t  with t h e  following exceptions. The 
specimen w i l l  not be submereed i n  water. 
monitored by noting pressure drop. 

Leakage will be 

TEST PROCEDTJRE 

The t e s t  specimen was placed i n  a low temperature chamber and 
ins ta l led  as shown in figure 4-1 ins ta l la t ion  A using the 
equipment l is ted i n  tab le  4-1. 
setup. 

Figure 5-1 a l s o  shows the  t e s t  

The chamber was controlled t o  the specified test conditions, 
and a re la t ive  humidity between 60 and 90 per cent was main- 
t ained . 
A functional test (refer t o  paragraph 5.1.2) was performed 
when temperature s tab i l iza t ion  was obtained. 

The chamber temperature was returned t o  ambient conditions 
upon completion of the functional t e s t .  

The t e s t  specimen was visual ly  inspected and functionally tes ted 
within 1 hour following the  return t o  ambient conditions. 

TEST RESULTS 

Results of the low temperature t e s t  and associated functional 
t e s t s  were satisfactory.  110 leakage was detected. 

TEST DATA 

Test data recorded during and after t h e  low temperature t e s t  
are presented in tables 5-1 and 5-2, respectively. 
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SECTICIfiT VI 

HICH TEK'ERATURE "EST 

6.1 

6.1.1 

6.1.2 

6.2 

6.2.1 

6.2.2 

6.2.3 

6.2.4 

6.2.5 

6.2.6 

6 03 

TEST REQUIRqNENTS 

The t e s t  specimen sha l l  be subjected t o  a high temperature t e s t  
of 125 (+4, - 0 ) O F  t o  determine whether t h e  environment causes 
degradation or deformation. 

A functional t e s t  s h a l l  be performed during t h i s  t e s t .  

TEST PROCEDURF: 

The t e s t  spechen was placed in a high temperature chamber and 
ins ta l led  as shown i n  f igure 4-1 ins ta l la t ion  A using the  
equipment l i s t e d  i n  table  4-1. Figure 5-1 also shows the  
t e s t  setup. 

The chanber was controlled t o  the  specified t e s t  conditions, 
and a re la t ive  humidity of 20 (f5) per cent was maintained. 

A temperature of 125 (+4, 4 ) O F  was maintained f o r  a period of 
72 (t-2, -0) hours. 

A functional t e s t  was conducted while the chamber temperature 
was mintained. 

The chamber temperature was returned t o  ambient conditions upon 
completion of t h e  functional t e s t .  

The specimen was visually inspected and functionally tes ted 
within 1 hour following the establishment of ambient conditions. 

TEST RESULTS 

The results of t h e  high temperature t e s t  and associated functional 
tests were satisfactory.  No leakage was detected. 

Data recorded during and after high temperature t e s t ing  are 
presented in tables 6-1 and 6-2, respectively. 
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SECTION VI1 

SURGE TEST 

7.1 TEST REQUIREMENTS 

7.1.1 The t e s t  specimen shall be subjected t o  25 pressure surge 
cycles while placed in  the flexed posit ion described i n  section 
N. 

7.1.2 Each pressure surge shall be a pressure increase from zero t o  
250 psig in 100 milliseconds. This  s h a l l  consti tute 1 cycle. 
The t e s t  medium sha l l  be CIHe. 

TEST PROCEDURE 

The t e s t  setup was assembled as shown i n  figure 7-1 and 7-2 using 
the equipment l i s t e d  i n  tab le  7-1. All hand valves were closed. 

7.2.1 

The specimen was placed i n  the  flexed position described i n  
4.2.2. 

7.2.2 

Regulator 7 was adjusted f o r  zero outlet  pressure. 

Hand valve 5 was opened and the i n l e t  port of regulator 7 was 
pressurized t o  3500 psig with GHe from pressure source 2. 
pressure was monitored on gage 6. 

The 

Solenoid valve 9 was actuated. 
250 psig by adjusting regulator 7. 
with transducer 10. 

The spechen was pressurized t o  
The pressure was monitored 

7.2.6 Solenoid valve 9 was deactuated and the specimen was vented 
t o  zero psig. 

7.297 Solenoid valve 9 was actuated and the  specimen was pressurieed 
t o  250 psig. 
Solenoid valve 9 was deactuated and the specimen was vented t o  
zero psig. 

The pressure was monitored with transducer 10. 

7.2.8 The procedure described i n  7.2.7 was repeated i n  an attempt 
t o  obtain a pressurization r a t e  of zero t o  250 psig in 100 
milliseconds. 

Twenty-five surge cycles as described i n  7.2.7 were performed. 702.9 

7.3 TEST RESULTS 

The pressurization r a t e  f o r  the 25 cycles ranged between 80 and 
. 90 milliseconds. 

7.4 TEST DATA 

A typ ica l  surge t e s t  waveform is shown i n  figure 7-3. 
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11 

12 
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Table 7-1. Surge Test Equipment 

It 6111 

Test Specimen 

GHe Pressure 
Source 

(Not applicable) 

F i l t  o r  

Hand Valve 

Pressure Gage 

Regulator 

Pressure gage 

Solenoid Valve 

Pressure 
Transduc er 

Oscillograph 

4ccumulat o r  

Test Chamber 

Manufacturer 

T i t  ef lex 
Incorporated 

Air Reduct ion 

oxweld 

A i r  Reduction 

IJnion Carbide 

h e l d  

Ashcrof t 

Southwestern 
Valve 

Consolidated 
Electrodynamics 
Corp. 

Consolidated 
Elect rociynamics 
Corp. 

American Rosch 

Model/ 
'art  No. 

m.gos- 
20500 

N/A 

77233 

N/A 

BU2581 

R-8956 

l N/A 

a-427 
4-1 

N/A 

15-124 

ACT33000 
85 

l N/A 

list 

Remarks 

' lexible hose, 
!-inch ID 

1500-ps i g  

LO-mic ron 

L-inch 

1-t 0 5000-ps i g  
U.O$ FS accur- 
rcy; C a l  date 
V W 6 6  

)-to 4oOo-psig 

1-t 0 4000-ps i g  
M e t  

>ut l e t  

)-to 500-psig 
t l .O% FS accur- 
ecy; C d .  date 
5/14/66 

1-inch, 3 - ~ a y  
normally closed 

iO .5$ accuracy 

Recording 

1-inch 
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SECTION V I 1 1  

CYCLE TEST 

8.1 

8.1.1 

8.1.2 

8.1.3 

8.2 

8.2.1 

8.2.2 

8.2.3 

8.3 

8.4 

TEST REQUIREMENTS 

The t e s t  specimen sha l l  be subjected t o  1000 cycles. 

Each cycle s h a l l  consist of moving the  specimen from the ex- 
tended position t o  the flexed position and back t o  the extended 
position. 

A functional t e s t  as specified in section IV sha l l  be performed 
following the completion of 50, 100, 500, and 1000 cycles. 

TEST PROCEDURE 

The t e s t  setup was assembled as shown i n  figure 4-1 ins ta l la t ion  
A using the equipment l i s t e d  in t ab le  4-1. 

The specimen w a s  bent 90 degrees from the extended position 
shown i n  figure 4-1 ins ta l la t ion  A t o  the  flexed position shown 
i n  figure 4-1 ins ta l la t ion  B and then back t o  the extended 
position. This consti tutes 1 cycle. he-thousand cycles were 
performed. 

A functional t e s t  as described i n  section IV was performed 
a f t e r  50, 100, 500, and 1000 cycles. 

TEST RESULTS 

The results of the cycle t e s t  and associated functional t e s t s  
were satisfactory.  No leakage was detected. 

TEST DATA 

Data recorded during the cycle t e s t  are presented i n  tables  
8-1, 8-2, 8-3, and 8-4. 
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SECTION IX 

BURST TEST 

i '  

& 

I 

I .  

9.1 

9.1.1 

9.2 

9.2.1 

9.2.2 

9 - 2 3  

902.4 

9.2.5 

9.2.6 

9.2.7 

9.3 

9.3.1 

9-3-2 

"'EST REQUIREMENTS 

The t e s t  specimen sha l l  be subjected t o  a hydrostatic pressure 
of 1000 psig f o r  a period of 30 minutes. 

The t e s t  spechen sha l l  be checked f o r  leakage and distortion. 

The pressure sha l l  be increaaed u n t i l  f a i lu re  (rupture) occurs. 
The location of fa i lure  s h a l l  be recorded and photographed, 
and the pressure a t  fa i lure  sha l l  be recorded. 

TEST PROCEDURE 

The t e s t  setup was assembled as shown i n  figures 3-1 and 3-2 
using the equipment l i s t e d  i n  tab le  3-1. 
closed. 

A l l  hand valves were 

Hand valve 4 and pressure cap 7 were opened. 
operated t o  purge the system and specimen of air. 

Hand pump 3 was 

Pressure cap 7 was closed and the  specimen was pressurized t o  
1000 psig. The pressure was monitored on gage 5. 

Valve 4 was closed and the pressure was maintained f o r  30 minutes. 

The t e s t  described i n  3.2.5 and 3.2.6 was performed. 

The specimen was inspected f o r  distortion. 
c orded . All data were re- 

Valve 4 was opened and pump 3 was operated u n t i l  specimen rupture 
occurred. 
fa i lure  were recorded. 

The location of the f a i lu re  and the pressure a t  
Figure 9-1 shows the fai lure .  

TEST RESULTS 

The t e s t  specimen was subjected t o  a hydrostatic pressure of 
1000 psig f o r  a period of 30 minutes. 
of the t e s t  specimen and no distortion was evident. 

There was no leakaqe 

Specimen f a i lu re  occurred at  6850 psig. 
by separation of an end f i t t i n g  and co l la r  f romthe  hose. 
end of the  hose was flexed in previous tests. 

The f a i lu re  was caused 
This 



9 . k  

Leakage 

Burst Pressure 

TEST DATA 

Data recorded during the burst test are presented Fn table  9-1. 

Fone 

6850 psig 

Table 9-1. Burst Test Data 

P P r e s s u r e  

9-2 

A 
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